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Developing an Ontology Schema for Enrichii.; «nd
Linking Digital Media Assets

Yoan Gutiérrez®?* David Tomas®P, Isabel Morc .~ »@P

“University Institute for Computing Research, Univers y of Alic. ate
YDepartment of Software and Computing Systems, Unive: ity of Al zante
Carretera San Vicente del Raspeig s/n, 03690, Al ate (., ....1)

Abstract

The abundance of digital media informa. ~n coming from different
sources, completely redefines approac. »s to media content production
management and distribution for all contexw. ‘i.e. technical, business and
operational). Such content includes dt cr’ yu. e information (i.e. metadata)
about an asset (e.g. a movie, sor ~ or , ame), as well as playable media
(e.g. audio or video files). Metadc*a '~ organised following a variety of
inconsistent structures and for ~~ts ti at are supplied by various content
providers. Some challenges have v ~en addressed in terms of standardising
and enriching media assets metadata from a semantic perspective. Well
known examples include urop ana and DBpedia. Nevertheless, due to
the ongoing variability a1.." evolu :ion of digital contents, constant support
and creation of new sr mantic 2presentations are necessary. This article
presents an ontology sch’ ma .overing the requirements of users (content
providers and conte 1t co. ~u aers) involved in the overall life cycle of a dig-
ital media asset, w’.. *h has been designed and developed for a real scenario.
The construction of this . chema has been documented and evaluated fol-
lowing a meth .do. >gy supported by quantitative and qualitative metrics.
As part of the .>n Jible results, the following outcomes were produced: (i)
an RDF/XV L sche.. a available via Zenodo and GitHub; (ii) competence
questions 1ser. for validation are published at GitHub; (iii) an exemplary
ontologv repc it ry; and (iv) CRUD (Create, Read, Update and Delete)
technc ogies “or managing semantic repositories based on such schema.
These . »sults orm an active part of the framework of a European project
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and other ongoing research initiatives.

Keywords:
semantic representation, ontology, digital media asset, er .ertz .. ment
industry

1. Introduction

Nowadays one of the challenges dealt by th  ne.v g ‘neration of tech-
nologies is managing the large quantity of e:-sting ir.ormation coming
from digital media in different sources. This ch.''enge requires a com-
plete redefining of current approaches to ma.. >oe mt .timedia content in all
contexts: technical; commercial; and opera.’~nai. [hese contents include
descriptive information (i.e. metadata) ah~* ~= asset (e.g. a movie, song
or game), as well as playable media (e.g. ~n audio or video file). Addi-
tionally, descriptive metadata are use ° .~ describe and represent content by
means of a variety of inconsistent struc v .es and formats that are supplied
by different content providers. C -.-ent: - inconsistent data constitutes a
bottleneck in the supply chain that ccn c..use losses in sales [1].

Digital media content is usu. "y ..; resented by a broad range of spec-
ifications and vocabularies.! Such . presentations are mostly centred on
industry actors (e.g. conter’ _ *»viders and information brokers) and bibli-
ographic data services, bv . not on 7iewers that consume media content any-
time and anywhere, exclusi. ~ly r in parallel with other activities. In this
sense, the developmer . of  :mantic-oriented standards, such as Europeana?
and Dublin Core,? is L.~ mir g more frequent. This type of representation
(i.e. semantic onto! sgies) a.” yws the semantics to be captured behind a do-
main and provid- s n..itive metadata for representing and storing media
content.

There is a vari' ble sample of representation models that can support
the research con. ~unity. Most of them can be found in the Linking Open
Data (LOD, Pr ject index.* However, there is a lack of initiatives focused
on coverin t'e 1r quirements of users involved in the overall life cycle of
a digite’ ...edia . sset to include content providers as well as proactive and

b .ps:/;www.w3.0rg/2005/Incubator/mmsem/XGR-vocabularies/.
‘http:/, vww.europeana.eu/.

Wttp:/ Jublincore.org/.
“hu., ., /linkeddata.org/.




interactive viewers. This deficit may result in the exclusion o, '~ .portant
data that could benefit both content providers and viewers.

This paper deals with the above-mentioned deficit b- | ‘esen.ng the
Digital Media Asset (DMA) ontology schema, which he . be' n acveloped
as part of the EU-funded project “Socialising Around Media 'SAM)>® (FP7-
611312). Specifically, this work focuses on the desigr and c ~velopment of
the DMA ontology schema, representing digital medi. assets .nd capturing
the requirements for industry and audience actors

The goal of the SAM project is to build ar ad- an ed digital media
delivery platform, combining second screen technoiogie’ and content syn-
dication in the domain of Social TV, where televis.. n and social media are
united to promote communication and socia. teract on related to a broad-
casted program content. The SAM ecosys.. m au...s to collect a variety of
characteristics around the entertainment scenar. | which have also served
as the basis for other related research proj. -ts.

The DMA ontology is directly invr "=~ in ti.e fulfilment of different user
requirements of the SAM project. The ¢ 7e all requirements of SAM that are
supported by the use of the DMA . *olo, v include: (i) offering additional,
related, contextually relevant and pe. ~o1.. lised content to content providers
for on-demand videos; (ii) assic *'15 2 “ors in the production and delivery
of a wide range of second screen . ntent experiences related to selected
on-demand video and telev‘~*on programming. Additional content from
the same broadcaster or tiird-pa 'ty second screen content can be quickly
referred to; and (iii) exposu., anc characterising (e.g. linking entities) from
different sources in a v aifir d asset description and data format, so that the
asset can be found, us. 1. unk- d and reused. These and other requirements
are described in me e deta."' .n Section 4.2.

The main con’.ib. “*ons made in this work are: (i) factorisation of terms
and relationshir- (Section 4.2 and 4.3); (ii) reusability of shared ontology
schemas (Sect’on 4 3); (iii) formalisation and implementation of the DMA
ontology scheni.. Section 4.4); (iv) detailed evaluation by considering dif-
ferent onto’ogy metrics (Section 4.5); (v) testing and simulation of a real sce-
nario (Sec.. ~n 4.5)' (vi) accessibility to a permanent public documentation®;

Shtty s://cor .is.europa.eu/project/rcn/110682_en.html, last access March 2019.

éh++p:,, " ..socialisingaroundmedia.com/, last access March 2019.

"Second “creen refers to a complementary electronic device, such as a smartphone, which
all. ws the 1 ser to retrieve additional data about the content they are watching on the
s0-Ca. '~ £ st screen, usually a TV set.

fn+tps://w3id.org/media/dma/doc, last access March 2019.




(vii) permanent access to the ontology schema ° 1%; (viii) perma. ~.t access
to an example scenario with instances described in this wor. ' ai.d (ix)
an API service for managing semantic repositories using . ‘pse ».DF4]J'2
(Section b).

The rest of the paper is organised as follows: Section  outlines the
motivation for this research; Section 3 describes relate 1 wor! s that serve as
a guide and basis for the development of the ontolo v sche na; Section 4
details the whole development process, as well as 5 eva:uation, based on
a published and freely accessible case study; Sect on © ue. cribes CRUD API
services for managing semantic repositories ba~ed on tb _ ontology schema
proposed; Section 6 presents the market opportuni.. ~s and comments on the
previous case study; and finally, Section 7 ¢.~clude = and proposes future
work.

2. Motivation

Enormous amounts of data is pro essed every day and most of it is
described in an appropriate form  for ‘“eir owners and consumers. In
an effort to standardise the data int.vci.-.nge, XML, RDF/OWL, JSON-LD
and other semantic descriptioi. ...~ “layed a key role in the big task of
providing not only information but . 'so semantic content.

In order to create a reli~*'~ representation of the data in a specific do-
main, it is necessary to inv slve re. | data stakeholders in the standardisation
process, which in the case o. *his - vork are Media Content Providers (MCP),
i.e., providers of meta .ate for vooks, videos, DVD, games, etc. This type
of actor would be in.. v ced n publishing their content assets on a mar-
ketplace platform, “ceding “ata through a semantic driven transformation
whereby no infor na. - is missed. These digital media assets, which have
metadata and a»~ semancically enriched, could be bought or used freely
(depending or the business model) by other media providers to enhance
their own assew. Platforms with this technology would facilitate media
content pre vid- rs to not only take advantage of their own content offers,
but also tu e elor and share content by means of collaborative-based me-
dia enri-' men. -.echanisms. This would be done by providing capabilities

v ps:,, .o1d.org/media/dma, last access March 2019.
" DOL 1. 5281/zenodo.2575666

https:, ‘'w3id.org/media/dma/JamesBond_CaseStudy, last access March 2019
2h. -, /rdf4j.org/.




such as content processing, distribution through multi-format «. ~.ces and
channels, metadata extraction, secure storage, and efficient acc. ~</rew.ieval.

The potential users from the MCP, identified for this | ...." of o.itology
schema, are editing staff, media data analysts and sellers. 7 ae f rmcr would
be interested in making use of this schema to populate it w.*h new media
metadata. These media metadata could be enriched by ccsidering new
semantic features and links to data from other MCP.

For instance, a MCP could use the DMA on*_logy .uiema to define
information about the Danish actor Mads Mikkels n, i- ciu ling data relating
to awards received, social networks accounts, a~d repre< :ntative keywords
to facilitate the retrieval of this asset. Then, an edito. ~ould create an instance
about the film Casino Royale and link it to the .. "2ds Mi kelsen entry and other
relevant sources of information, such as the "Wikip _dia entry to Copenhagen
(his birthplace), different media covering the . "m (e.g. screenshots and
trailers), and a DMA instance of the Ian 1" ~ming’s novel that inspired the
film. In this way, the use of the DM2 ~~tology facilitates the linkage with
third-party data, creating richer conter. s! y establishing semantic relations
between the linked assets.

Regarding data analysts and se'lei., they would be able to exploit
the whole ontology for extrac. - = 1merable combinations of seman-
tic queries in order to generate repc.*s based on concurrent evidences. At
this stage, it would be poss-'~ to explore a large number of media assets
imported and merged int , existL. g semantic instances. To this end, a dis-
covery process could be se. *» ir which non-trivial semantic relationships
would be revealed ap 4, tF eretore, new enhanced data could be used for
e-commerce. For ins. n e, tr rary relationships to discover connections
between writers, w 10se w. " « serves as inspiration of films, and the actors
involved in those .ilw."

Continuing *-*th the previous example, a query of this type could re-
trieve actors t"iat !.ave participated in films based on novels written by
Ian Fleming A.. ‘laborated use case of the DMA ontology is presented in
Section 6.1

3. Relr.ed Worn

The.~ is a variety of well-known ontologies and semantic vocabularies
wi’. diffrrent goals that describe multimedia assets in a generic manner.
Tt = folloy ring paragraphs describe the most relevant initiatives for the
SAM. ~~_ject. Readers interested in a thorough overview of multimedia
Jnu .. ies can consult the work of Suarez-Figueroa [2].
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ABC [3] is one of the first core ontologies dealing with the . ~*_-gration
of multiple types of multimedia content (text, image, videv, aua.v and
web pages) for digital libraries, museums and the Interne’. . BC 15 able to
describe temporal entities (i.e. performances that happer to 7.1 ovject) and
fundamental entities such as people, organisations and inst. “ments.

Another relevant initiative is Simple Knowledge Jrgar’zation System
(SKOS) [4], which provides a common model for sharii ¢and ] nking knowl-
edge organisation systems, such as taxonomies or *'. >sau. uo, which share a
similar structure for similar applications.

The Core Ontology for MultiMedia (COMM) |5] is ,roposed to repre-
sent semantically compound documents and the1. ~ub-parts (e.g. faces or
objects detected in an image). COMM uses DOLC] [6] as its underlying
foundational ontology.'?

The Open Archives Initiative Object Retice  ad Exchange (OAI-ORE)
[7] defines a set of standards for the des. “otion and aggregation of web
resources to optimally combine distri" --+ed resources from multiple media
types.

Schema.org [8] is a collection . [ shai *d vocabularies that webmasters
can use to mark-up HTML (Hyper "ex. Markup Language) pages to be
understood by search engines.

Dublin Core Metadata Initiative (DCMI) Metadata Terms [9] is an RDF
vocabulary designed to rer~~-ent core features for resource descriptions
(e.g. videos and images).

Multimedia Metadata C ~tolr gy (M3O) [10] was proposed to describe
parts of documents in SMI™.!%, SVG' or Flash!® formats. More specifically,
M3O aims at annota.™s¢ ric!, structured multimedia presentations that
comprise diverse g .nres 0. ~ontent, such as images or text.

The European . L..*» Model (EDM) [11] is an integration medium for col-
lecting, connecti~~ and enriching the descriptions from content providers.
By organising cult wral heritage assets digitalised throughout Europe, the
EDM not only 1. nduces new metadata, but also consolidates vocabularies
such as AR _, DDOLCd, DCMI, SKOS and OAI-ORE. Besides that, EDM can
be extend. ? vvith new elements to fulfil requirements from different but
related < __naric -

Bh++p:, "-- .loa.istc.cnr.it/old/DOLCE.html

T nttps: //www.w3.0rg/TR/2008 /REC-SMIL3-20081201
‘https:, ‘www.w3.org/Graphics/SVG

16, +nc- /www.adobe.com/devnet/f4v.html




In the LOD cloud there are also relevant initiatives for re v senting
assets in the media domain.!” Specifically, the BBC has develo. * thi e on-
tologies relevant for the SAM scenario: (i) BBC Ontology'® u. scribes prod-
ucts, web documents and platforms for which the BBC sroc aces content;
(ii) Programmes Ontology' aims to cover television conte..* (i.e. brands,
series and episodes), as well as the medium (i.e. char.nel, b 0adcaster and
service), broadcast events and temporal annotations . uch as subtitles; and
(iii) Music Ontology?® provides main concepts and - .ope: ..cs for describing
music (i.e. artists, albums and tracks).

Other initiatives found from data-sets within the ».iedia LOD cloud,
developed by other institutions, are: (i) Between “ur Worlds ontology,?!
an initiative concerned with general metaa. *a info mation about anime,
including anime itself and its characters; (1. 1.O_ Z ontology,?? provides a
framework to describe historical events and the. properties (e.g. the place
where an event happened); (iii) Ontology 1. ~ Media Resources,? developed
by WC3, defines a core vocabulary “ ~ a set of annotation properties)
for describing multimedia content av “i!.ble on the Web and mappings
with existing vocabularies such a. CM " and (iv) DBpedia Ontology,?* a
shallow, cross-domain ontology tha. ha. been manually created based on
the info-boxes within Wikipedi. .. s film or book.

To date, these ontologies and .~hemas have focused on modelling
knowledge from digital obi~~*< in terms of a wide range of metadata, but
establishing few relations among ‘heir instances. The SAM project has sev-
eral innovations that canno. be r alised by exploiting these ontologies “off
the shelf”. The DMA c .atol gy schema presented in this work is inspired in
EDM, the ontology th." ~c aso! dates more multimedia vocabularies. Hence,
the DMA reuses, w' .ere po.~ ole, concepts and properties from EDM (which
includes DCMI M :ta ~ta Terms and Schema.org) and DBpedia, but creates
new ones to ad~'-=ss specific requirements for media content annotation,
linking and sy «dic .tion.

Initiatives su. 1 as OAI-ORE combine objects to build aggregated re-

Vhttps://lo. <l ud.net/clouds/media-1lod.svg.

Bhtty ,://ww.buc.co.uk/ontologies/bbc

Phtt s://www bbc.co.uk/ontologies/po

2http. ‘/pur’ .org/ontology/mo/

21", L.ps: //petweenourworlds.org/ontology/

"‘http:/, linkedevents.org/ontology/

““ttps: /www.w3.org/TR/mediaont-10/

%ht ./ /mappings.dbpedia.org/server/ontology/classes/




sources like video and its metadata. The DMA schema extena. *'.is func-
tionality by also allowing aggregated assets to be linked at a . »ecn. mo-
ment, which cannot be specified with the OAI-ORE m- u.'. Sunilarly,
LODE ontology permits a descriptive account of when ar eve .1t huppened,
whereas Programmes Ontology provides temporal annota.. s for subti-
tles; however, neither handles the second screen p’ienom ~na, since the
assets that can be aggregated in DMA are products ¢ - agenf ; that have to
appear at a given time on a second screen.

A media asset representation has to consider 10t nly how to represent
knowledge (model), but also what format is n~cessarv ‘v store such infor-
mation (representation). The latter refers to serialis. tion formats that allow
the conversion of complex objects into seque.. ~es of b ts. Many serialisation
formats have been defined with the purpu. » or . presenting media data.
For instance, JSON-LD [12] is a JSON-based forr. -t to serialise Linked Data
information in a lightweight manner. Tu.*e (Terse RDF triple Language)
[13] is a format that allows an RDF gr- - to be completely written in a com-
pact and natural text form with abbre.a 1ons for common usage patterns
and data types. OWL Mancheste. ~vnta - [14] is a user-friendly compact
and frame-based syntax for OWL on 1lc jies. RDA (Resources Description
and Access) [15] is a standard f. - «c.>* ce description and access designed
for the digital world that covers all . "es of content and media. RDF/XML
[16] syntax describes how *~ ~ncode RDF graphs in XML for data inter-
change on the web. RDFa (Resou 'ce Description Framework in Attributes)
[17] provides a set of attrib. “e-le el extensions that can be used to embed
metadatain HTML, XF. M. anau various XML-based document types. Sim-
ilarly, Microformats [.°1 .dds semantic mark-ups embedded and encoded
within XHTML and HTML - .tributes. After exploring the above mentioned
representation for.na.- ISON-LD was selected as the most appropriate one
to store and mar»ulate assets within all SAM platform components. The
rationale for t} «s d' cision is explained in Section 4.4.

To sum up, e aim of the DMA ontology schema is to provide the
required flr xibi'ity to describe effectively the various digital media entities
and main.. ‘n cor patibility with existing standards. This does not only
refer to "l e po. .bility of integrating popular specifications in the DMA
descri; tion, Lt 1t also to mapping or linking assets if and when required
(e.g. at. spec tic point in a video timeline).




4. Ontology Development

There are different methodologies available for building ~ntoic -ies. For
instance, BSDM [19] provides the guidelines developed Ly I '." for mod-
elling companies as a preliminary step to developing li.”~ mation Tech-
nology systems. The method proposed by [20] is 0".c of the most com-
prehensive methodologies available for building ont rlogies. This method
is described with an special emphasis in the capturc »h se, describing
among others a procedure to identify the terms pre . ~e definitions and
handle ambiguous terms. KADS [21] proposes a . ".uctt :ed way of devel-
oping knowledge-based expert systems. IDEF5 | 2”1 is a software engineer-
ing method to develop and maintain usable accura 2, domain ontologies.
Tom Gruber’s principles for ontology desion |.7! = ovides an engineering
perspective on the ontology development. 1. Knowledge [24] proposes
building ontologies by taking into acce *nt both knowledge process (i.e.
handling knowledge items) and knowledge .. 2ta-process (i.e. introducing
and maintaining knowledge manage ner . >ystems) capture. DILIGENT
[25] provides a methodology for cc'labo. ‘tive and distributed ontology en-
gineering. Ontology Design Patter.’s, ~lso known as pattern-oriented, is a
modelling approach in which » --*eabic templates (patterns) are defined to
encode knowledge. This methodo. ~oy is commonly used to design ontolo-
gies in the media domain. For example, [10] defined patterns to convert
MPEG-7% standard to an ¢ atolo, v that is used to generate multimedia pre-
sentations. More recently, ~n sce .ario-oriented methodology called NeOn
has been proposed [26". This «, proach suggests a variety of pathways for
developing ontologie anr. ontslogy networks. NeOn has been successfully
applied in the multi nea.. 4 main [27].

In this work, } { T THONTOLOGY [28] has been chosen from the exist-
ing literature as the mos. suitable for developing task-oriented ontologies,
and one of the .no. t comprehensive ontology engineering methodologies.
METHONTOLC Y enables the construction of ontologies from the knowl-
edge level ie. tn. conceptual level) to the implementation level, and
proposes  de elo ment life cycle, techniques, outcomes, and evaluation
principles fo1 “v fementing ontologies.

The devel~pment life cycle of the DMA ontology schema was carried

? https: ‘/mpeg.chiariglione.org/standards/mpeg-7




out with Protégé,?® Protégé visual plugins (OWL Viz,” Onto, = 1,?® and

VOWL? among others) and query language tools (e.g. SPA..OL a..d DL
Query) [29]. A solid foundation for this research was provid _u »y rev. orking
and restudying media content scenarios. Major efforts wer: tocused on
reusing existing ontology terms that could provide stana. -1 and stable
descriptions to media entertainment ecosystems.

In the next sections, a detailed description of the m. “in stas s carried out
for the ontology development life cycle is explai*._d: piw.1; specification;
conceptualisation; reuse and integration; forma isa*’on and implementa-
tion; and evaluation and control.

4.1. Plan

All the tasks involved in the planning p1. ~ess a.e properly documented
in the SAM project reports and in scientifi- »~~~ :5 [30][31]. The planning
included two iterations following the step. described in sections 4.2 to 4.5.
At the end of the first iteration, whi .. *~~k ten months, a first draft was
obtained and used by the SAM projec. rartners to test their components.
After that, the goal was to collect du - I~ ti. > next five months their feedback,
running a second and final iteration.

Three main tasks were cari. > vt during the planning phase: (i) the
study of the state-of-the-art in sema. *ic representation; (ii) the analysis of
the requirements from user _. -ies and scenarios; and (iii) the examination
of component dependenc es for ¢ 2scribing the DMA ontology schema. To
illustrate the context in whic. thi, schema was conceived, Figure 1 presents
the SAM’s infrastructr re 2 1d components that inspired its design and de-
velopment. The com; ~r ents directly interacting with the DMA schema,
coloured in grey in .he afoi. .nentioned figure, are as follows: Content Gate-
ways; Semantic Se vice.* Linker; Marketplace; Brand and Consumer Protection;
and Syndicator.

Fully undr ssta".ding the context in which the DMA ontology schema
has been corcerv. 1 requires an awareness of the SAM project goals, which
were ment one . in the introduction section.

2httr .//pro-ege.stanford.edu/.

’htt ://prot gewiki.stanford.edu/wiki/OWLViz.
Bhttp. '/ore’ egewiki.stanford.edu/wiki/OntoGraf.
2% ;tip://protegewiki.stanford. edu/wiki/VOWL.
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Figure 1: SAM framewo: - . >+ ex; 'oiting semantic assets

4.2. Specification

This phase consisted of ~~nstructing an ontology schema specification
document written in natr cal lar, ruage, using a set of intermediate repre-
sentations or using compe.w. ~cy ¢ aestions.

Taking into consid -rat‘on uie SAM scenario, the following elements
have been specified: ‘¥) . set of 28 competency questions obtained from
end users’ commer .ial m. '~ Jata (see Section 5); and (ii) a list of 167 user
requirements coll’ cic ? by 19 members of the team. In this respect, Table 1
presents a descrintion o1 the partners of the SAM project involved in the
specification o’ the ;ystem requirements. Table 2 shows five examples from
the list of user 1. - airements gathered.

4.3. Know ~dg Acc uisition, Conceptualisation, Reuse and Integration

This _hase - volved data cross-checking performed through 13 inter-
views hat inc uded users, stakeholders and the team in charge of the SAM
compor ~nts. " hree brainstorming sessions involving the project team also
toc « place. Seven major iterations (involving a change in the version num-
be ' of the DMA schema) were required to refine the terms extracted and
for s. - .uring the domain knowledge in a conceptual model. Each ma-
“or ... .tion involved an average of nine minor iterations (involving small

11




Table 1: Partners of the SAM project involved in the specification of the use.

~q’ trements

Company/University Expertise Role "dividuals
TIE Nederland B.V. (The Software development Techr slog 7 2
Netherlands) pro «der
Ascora GmbH (Germany) Software development Technd' oy 2
v .uvider
Talkamatic AB (Sweden) Voice recognition and inter- [echnolc vy 3
active systems } “ovider
TP Vision Belgium NV (Bel- First and second screen ar  Teciuwiogy 1
gium) plications _ro ider
National Technical Univer- Distributed systems and se. ~ Res arch 3
sity of Athens (Greece) vice oriented architecturc.
University of Reading (UK)  Intelligent systems and ma- Research 1
chine learning technu. “es
University ~ of  Alicante Information systern.. and .. Research 3
(Spain) tology development
Deutsche Welle (Germany) Broadcasting t¢ uoiogies Content 2
provider
Bibliographic Data Services Content m ... ~ment and Content 2
Limited (UK) metadata crea o’ provider

changes that added to consolidate a new version of the schema). This
process implied determining conc “»ts, attributes, relationships and restric-
tions. Finally, from the three latest major iterations, vocabularies from other
ontologies (e.g. schema.or’,) we. = reused and integrated. This process was
performed by identifying *erms - 1at were semantically coherent with the
terms identified in the roncep. - fisation. In each major iteration, a version
file was created until .ne “.nal version 1.0 was attained. During the devel-
opment process, the ave. *ee .greement among team members was around
95%. Terms, relati- ~s and concepts not agreed on (i.e. around a 5%), were
not included in ti.e fina. ~ersion.

Once refine 4, e terms extracted formed a glossary of terms. Subse-
quently, a con. ~ot «al map® was designed, which served as a guideline for
identifying ".ey as; ~cts that directly affected the ontology schema specifi-
cation.

Based o1. ‘he ”/AM scenario, the conceptualisation presented in Figure
2 was uesigred. This figure represents different semantic relationships
inherit *d at t] ree levels in the DMA ontology schema. First, the main
clase 4ssc. | .ovides basic relations to state the ownership (also the creator

%h._, , /wiki.socialisingaroundmedia.com/index.php/Reference_Model, last ac-
-7 ~-h 2019

“edo
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Table 2: Examples from the set of 167 user requirements coller .c... Possivle values of Priority
column are mandatory (M), desirable (D), optional (O) and :xce* .01 1l (E)

Priority User stories

Primary
type of

interacu. =

D

As a TV user, I can explore con-
tent through semantic descrip-
tions that make sense, so that I
can actively search for interest-
ing content.

As an end user I get content
through the SAM platform tt *
has filtered out any links to i1
legal sites (e.g. pirate copies of
films, music, games).

As a TV user, I can receive con-
tent that has been auteatically
found for me on the web, s. ~ial
media and media 1. ~rkets.

As an end user I kne - 7 am
receiving infor .atic . about the
correct persor. *a set-t ;sed on
unique iden .fiers.

As an ex . vience provider, I
have access to “fcient and ef-
fective - __ “ext-sensitive linking:
only elate I content is linked
(e.g. rii Casino” is not linked
to .ds on ca. ™Mos but only to rel-
€ ant aaterial).

Sear,. ana

discovery

g ats

m. “age-
_cenc and
orotection

Search and

discovery

Search and
discovery

Content
syndication

Secondary Primary tar-

L pe of get group

i’ teraction

Data linking  End users

Control End users
End users

Rights End users

manage-

ment and

protection

Data linking  Content
providers




and publisher), generic relations with other assets, and exter.. ! sources
like DBpedia. The second level presents Organisation, Person . ~d I, duct,
ensuring contribution and authorship relationships betwer .. .“hem. Finally,
a third level specifies the relationship between specific »roc acts, such as
albums, films, games and music recordings.

related Asset
basedOn .-« Sl
;
/

\ s
/ \
5 i‘— E r: related Dbpedia \ 4 ﬂ
cmm——— v---‘ﬂ Asset -g ------------------------- 4
F'"hm_h,errr"""_.—rﬁ; n;nr 3 &ﬂ 3
3 P ! ‘\\_
1“
A

Jsameds

con tribu tor
/ —“ﬂwr/
| a “_ Mmisfmm: Book M-sk
;’ Video
Pl e
tnller l;—:x:l; track

====3» Object Property

---3» Data Property

Figure 2: Main relation.. “10s .. .ne DMA ontology schema

Once these basic relatic=~hips among the different asset concepts de-
fined were considered, tb - next : ‘ep consisted of determining the specific
properties that characterise "herr. A brainstorming was performed to col-
lect all potentially rele’ ant terms, and sample data from a content provider
partner was also exan. e 1 to 'dentify the key concepts and relationships in
the SAM domain. 2 cthiss.. ze, the terms represented concepts of the ontol-
ogy schema. A gr ,up.~e operation by using part-of terms’ organisation was
performed to in***ally categorise the terms for inclusion, exclusion or bor-
derline. This 1 sult :d in a list of terms related to each media entity managed
in the SAM proj. . revealing potential class attributes or relationships.

After tb s ir ‘tial grouping, common terms were detected (e.g. name and
title attrib. *es occur in different entities). At the same time, unambigu-
ous tex* ‘efini.” ns for such concepts and relationships were accurately
identif ed froi \ the SAM scenario. This strategy avoided misunderstand-
ing am. ng cr.acept names and relationships, providing a higher level of
abr ractinn. These generic concepts were divided into the three main cate-
gc ‘ies shc vn in Figure 3, which were considered the starting point to place
the 1.~ .ning concepts. These concepts capture the knowledge about three
ma . . sues that are explicitly stated in the SAM scenario: (i) model the dif-
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ferent asset classes; (ii) define nomenclatures such as language, . ** itry and
others;and finally, (iii) model the extension concepts that repres. ~t the infor-
mation needed by SAM components for capturing operat u:.1l ber.aviour.
In summary, the DMA ontology schema describes the aed'a content by
using three main classes: Asset; Nomenclature; and Extension.

{ Nomenclature-i‘

g

[ owl:Thing }<F=2— Extension !'
e _.--"\,I.is_—_g e S
T
| Asset b'

Figure 3: Root cor-epts

Asset represents major conceptsin thl wuix, suchas Organisation, Person
and Products (Book, Movie, Video Game, Mus.. Album and Music Recording).
Figure 4 illustrates the semantic rel. 101, .. » between the digital media
assets, which are inherited at three leve.

| MusicAlbum )
—
-Z:-MusicRecording.:\:

f ;S }is-a —_’ Movie |
R . y

Wagl — ‘~Ls;a I"..fideo(same"-
(_ owl:Thing bﬁ:l&-a—t. Asset b ~anis® .on | e E—
— ~ 1 nisa —— _— —
T | Book |

e -

eson k) izg T, . —_ T
- + 1 Character J<—=2—{ FictionalCharacter )

Figure 4: Asset classes

The secor « cl-ss, Nomenclature (see Figure 5), represents the closed
sets of valurs tha. ~an be assigned to different parameters defined in the
ontology s .ner.a, such as Profession (e.g. director or writer) or Language (e.g.
en, fr, de, it ¢ = s).

The wird class, Extension (see Figure 6), involves all the specific ex-
tensioi s need: d to set particular edition features required by assets into a
multime '~ + atform:

e Voic Control Extension represents a specific lexicon or grammar used
... e platform for speech recognition tasks. In this way, the platform
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( GontentRating )

'\ Place \_:*:Il—m—{. Countr |

[ EncodingFormat.\',"

| Language |

-

. Profession )

iza e
\\\.ié-a -: AssetType
. —~

— s o

Cisense |

.\ ' Widger

Genre |
R /

Figure 5: Nome cla.ure classes

recognises spoken words associated to an asset returning a response
related to it.

Semantic Extensior repi.-e s semantic relationships between assets
without conside .ing a snecific type of relationship, like owner, con-
tributor, author or * ack. Another relationship that can be established
involves asse < and Dupedia entries. Figure 13 shows an example.

Generic Ex*~vsion swores key-value pairs of elements that represent
informat on - aat is not covered by other concepts in the ontology
schema.

Socir M dia F tension represents information about social media sources
relatea .~ a-. asset. For example, the official Facebook page of Casino
Foyale -ould be included as part of the asset information related to
t. is film

Pos. 1l Address Extension (reused from Schema.org®! by assigning an

~3://schema.org/PostalAddress.
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alternative label) includes information about the postal au.'v ss asso-
ciated to an asset.

e Syndication Extension includes the information reqi.red .c ~yndicate
an asset and deploy it in a second screen environme..*

e Linking Extension represents timelines associatec to a sy >cific asset for
the purpose of visualisation on screen. Such is t. » case of subtitles in
films, which are shown at a specific point ar a ror a tixed time span.

e Owner Extension provides generic inform~tion abo- .t the owner of the
asset, including fields for representing data v - using key-value pairs.
This representation allows setting ari, data r ot yet defined in the
ontology.

4 Ge.tericEx‘tensionﬂ_,‘-
LA —
-'_SyndicationEx‘lension

; ~ -:'..SocialMediaEx‘tensionl:':-

—. . - .-',-.&‘3 — -
(_owl:Thing B<]=2— Extension |_js.3 —

-:__SernanticEx‘tension.::-

- v _7'.... '\.
o Ve js-a ( OwnerExtension )

§ — _ S

Ay %a -._VoiceControIEx‘tensionl:':-
\\" . \‘.\"'\-\. » .- - — - --._
NEa -,
w, . PostalAddressExtension
. ——

LinkingEx‘tension-__\.-

Figure 6: Extensions classes

After de .ining .. =se three root concepts, the process continued identi-
fying ternr 5 to .efir 2 such concepts and relationships, producing and com-
pleting all ti.. drrinitions in the SAM scenario. In this step, hypernym
relatio .ships ‘is-a) were generated by analysing the connection between
terms . nd hie ‘archy levels. Different types of part-of relationships were
ger _.itea ..c. object properties and data properties) as described in Figure
7. These -elationships were semantically organised in a hierarchy for a
bet.~r ur .erstanding. Additional decisions were made in this stage, since
. “arent terms seemed to correspond with the same concept definition (e.g.
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title and name). In these cases, one of them was chosen as repres. - .ative of
these conflicting terms, as suggested in [28]. For instance, in .>e p1cvious
example title was chosen instead of name.

Asset Classes | Properties
rdfid schema:duration schen. -vards
S rdfitype dbo:price* dma:creau. Date*
=~ schema:url* dma:zowner* dme entifier
2 schema:image schema:contentRating* {schema:required inAge*}|dma:l. Updated*
g schema:ratingValue* dma:s :enst
z essCountry* schema:title* _|sche” calternateName
— E & dma:sourceValuc* schema:status* ..copyright
e = 2 |3 © dma:syndicationExtension dma..soclzflMedlaExtex.lslon[dc.df le‘l(iﬂ, dma:voiceControlExtension {
glZz|g|& == ¥ N " dmaidentifier, schema:image, sc} ma:url 3
PSR = 2 [dma:theme*, dma:widget*] dma:sourceType*] dma:grammar}
Slz|E |8 25— : —4 - - o
s |2 | & = dc:description: dma:semanticExtension {
=B [2]|8 g | g fedeserption” 00
28|28 E | & schema:genre T fon[dmacte, Title* dma:relatedAsset,
5 =2 i = i 9 Ldma:ta, e’ schema:keyword,
= £ AP ) g schema:sameAs dma:targetType*, dma:linkStart*, an.  “nkEnd*, dmarelatedDbpedia
g & E 2 CAR-SE- de:creator™ schema:validUntil*, dma:sourceElement -
glz|e|g|g |5 |8 = - dma:targetElement *, +  ~-targetld*, dma wner*, i ion[key*,value*]
F - RN - - R -] :license* d b * d id.
gz 2 ® |8 S schema:validFrom* : N . N N
El 2 vali i dma:ownerExtension[key*, value*]
& schema:validUntil
8 dbo:basedOn schema:publisher* dma:referenceNumber
a3 dma:barcode* dma:exVatPrice* dma:vatPrice*
dbp:adaptation schema:auth schema:typicalAgeRange*
dma:catalogueNumber* dma:pubCounu. * dcTerms:issued*
. hema: i ~ rrolet+ "
dma:edition* schema U"“I'Il{utnrl role+ { Target+}] schema:encodingFormat*
wl:an cet, o
schema:author dbo:notes
schema:isbn* i schema:numberOfPages*
# { schema:addressLocality*, -
dmale < maemail, . “ema:faxNumber, schema:reviewBody
dma:bic s m. stalCoc *, schema:streetAddress *, purl:series
che. tew, “ne, schema:addressCountry } "
schema:commentText dma:seriesPart*
dma:deway schema:text*
-
G dma:accessories hema:gamePlatform dma:numPlayers*
dma:digitalldentifier* dma:c umber* purl:series
M schema:duration* schema:numberOfltems* schema:subtitleLanguage
schema:track schema:trailer purl:series
RO schema:duration ibo:notes schema:track
schema:numberOfltems schema:numTracks* dma:bic
R schema:position” dma:recording® schema:duration
dma:trackISRC
schema:affi)’ don schema:deathPlace* schema:nationality
(PC) schema:Person / schema:bi  Place* schema:familyName* dbo:notes
dma:Character ateO,. rdvocab:gender* rdvocab:professionOrOccupation
rdvocal ateOfDeau. schema:givenName*

Figure 7: Term and _lass ‘istribution. In bold those considered as object properties; *

represents function~' nroperties with cardinality 1x1; $ represents symmetric relationships;
and + represents .nno 1tions inside relationships. The context abbreviation “dma” refers
to the proposed 5. ~er a (https://w3id.org/media/dma#).

Note t} atir Figre 7 each term includes a prefix, in accordance with the
namespaces . tec i Table 3. This namespace allows identifying the original
source .rom which a term is created or reused. A complete description of
each te ‘mis av iilable in the published ontology schema and documentation
web nage ~‘crred at the beginning of Section 4.

After. everal revisions analysing and discussing the previous issues and
the fwo 2 orementioned iterations, the schema of the DMA ontology was
~htained. This schema comprises a list of terms that were reorganised as
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Table 3: Reused external sources in the DMA ontology schem..

External Abbreviation Namespace

Sources

ONTOLegolang ONTOLegolang UAge https://w3id.org/nlp/ONT( Legr .ang_JAge#
Schema.org schema https://schema.org/

RDA Registry  rdvocab http://rdvocab.info/Ele” .c1.itsGr2/

OWL Schema owl http://www.w3.0rg/20 2/07/ow. *

SWRL swrlb http://www.w3.0rg/20L */11/sw- .b#

Protégé protege http://protege.star”_. d.eau, p1ugins/owl/protege#
XML Schema  xsd http://www.w3.c g/20" ./~ MLSchema#
Europeana edm http://www.europ.. .i1a.eu’ chemas/edm#
RDF Syntax rdf http://fwww.ws.. =0/19.7,02/22-rdf-syntax-ns#
DBpedia dbp http://dbpedia.org/p. “perty/

DBpedia dbo http://dbped. > org/or ology/

Dublin Core dc http://pur. ~rg/a., "oments/1.1/

Dublin Core dcTerms http://purl.org, '~/terms/

RDF Schema rdfs http:/,  ww.ws.0rg/2000/01/rdf-schema/

concepts, relationships and attributes.

One of the goals of the DMA s . »ma ’s to integrate and reuse external
ontology sources. For this reason, du.ing the capturing and coding process,
questions arose about when a..~ ...~ ‘o reuse already existing ontology
schemas. The DMA ontology sch. ma was developed according to the
semantic information defin~ ' ‘n Europeana, which in turn is mostly based
on DCMI. The rest of the r used t« ‘ms were borrowed from Schema.org and
DBpedia. This reusability (~ = Fi ;ure 7) allows representing metadata and
linked data of differer . sir ple and generic resource descriptions. Most of
the metadata was alig. .~ o e".ternal sources of the semantic web to achieve
the Level 3 of inter” perabi.’ y*? that these shared sources propose [32] (see
Table 3).

Asshownin " ~ure 7, a wide variety of relationships were considered for
connecting inc.anc :s. They range from the most semantically descriptive
suchas langvage,. {dressCountry, genre, sameAs or creator, to the more generic,
like related, .sset and related DBpedia.

A spec.~l :ase occurs when assigning roles for representing a contri-
bution ~_latior.".ip between an Asset and a Person or Organisation. For
examy e, as s own in Figure 8, “Daniel Craig is a contributor to Casino
Royale ~nd - .ot “Casino Royale is a contributor to Daniel Craig”.

3,

- ~man’ ¢ Interoperability means “a common information exchange reference model is
-ced. allowing the meaning of the data to be shared”.
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Casino  "0/e=ACTOR ' puyigl
Royale contributor Craig

Figure 8: Contributor annotation solution

Hence, two annotations were considered to ensu e the p oper orienta-
tion of the contributor’s role (dbp:role): owl:annotatea_~urc-, which deter-
mines the subject of an annotated axiom, and c.vl:ar ~tatedTarget, which
determines the object of an annotated axiom. As - _esul’, the example can
be modelled as shown below.

Listing 1: Example of a the contributor relationship . TSON-L ) format. JSON attributes
are highlighted in bold

schema:contributor{
dbp:role = "ACTOR"
owl:annotatedTarget = ""-niel_lraig"
owl:annotatedSource= "Ca.i’.0_Royale"}

4.4. Formalisation and Implemen*~tion

The goal of this phase is two-.~ld. On the one hand, the ontology
schema (model) needs to be defined using a formal language that supports
the ontology representati s se.>cted at the previous integration phase.
Therefore, an explicit ana ‘“>rme . representation of the conceptualisation
model was defined (ser Figure . ,. Supported by Protégé Desktop 5.0, every
concept was transfor: ‘ed .nto an ontology Class, every relationship into an
Object Property, and every ~t.ribute into a Data Property. In the life cycle of
this phase, the ont .. ~v schema restrictions were stored in an OWL file. The
structure of the schema c..n be explored using the WebVOWL interface.?

On the oth r hi nd, instances (i.e. assets) must be stored and manipu-
lated by all SAL.* ¥ ratform components using a serialization format suitable
for represer ing meu.ia data in a lightweight manner. To thisend, a previous
work carr’ »d r at b s the authors [33] analysed the implications of adopting
the serialicatic.> formats, previously described in Section 3, for every com-
ponen’ of the SAM platform. The conclusion was that JSON-LD** was the
most ay nropr’ ate format to store and manipulate assets for several reasons:

“™ttp:/ aww.visualdataweb.de/webvowl/#iri=https://w3id.org/media/dma, last
access 1v.arch 2019.
“r oo, 3://www.w3.0org/TR/json-1d/.
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Figure 9: L. ‘oning the schema

(i) JSON-LD is a JSON-bar od forr. at to serialise Linked Data; (ii) the syntax
is designed to facilitate the . ~teg- ation into deployed systems that already
use JSON; and (iii) JSO'J-L" provides a smooth upgrade path from JSON to
JSON-LD, since tradi..~ J JS'JN can be transformed to its semantic coun-
terpart. For all the .easons .entioned above, JSON-LD was chosen as the
format to facilitat . the development of the SAM platform.

4.5. Evaluation and Zontrol

The means v, which ontologies are evaluated entails an assessment of
the quality Jf th 2 final representation, in terms of maintenance and reusabil-
ity. Quali., is uncerstood as the degree to which a set of functional and
physica' _harac' ristics matches the needs and expectations established in
the sp cificati n phase [34]. Unfortunately, there is a disagreement on the
way qu litati” e and quantitative validations are carried out [35] [36] [37]
[38, 159].

The ct rrent trend is to accept that the main purpose of an evaluation
is to .~k that the conceptualisation model matches the adequacy of its
~ou .." (validation) to determine their usefulness and potential for reusing.
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The aim of validating the ontology schema consists of ensuriny * at there
are no construction errors or defects. In addition, this schen.. is v rified
matching its definitions, as close as possible, to the doma™.. Jor wi.ich the
schema was created.

The following sections describe the set of qualitative ai. ! quantitative
features that have been used to validate the DMA on’slogy ~chema.

4.5.1. Qualitative Validation

As mentioned before, the DMA ontology scl em- ac scribes the media
content using three main classes: Asset (containing 10 su’ classes); Extension
(including 8 subclasses); and Nomenclature (compr.. ‘ng 14 subclasses). Each
subclass may have additional properties ad. ~d to tt > properties inherited
from their parent classes.

The ontology schema proposed does not cor “1in any loop issues in the
hierarchical structure modelled (i.e., it ac < not have any class defined as
a generalisation and specialisation of ‘*~elf). '1.1e hierarchical relationships
between subclasses is transitive (if B 1. a >ubclass of A and C is a subclass
of B, then C is a subclass of A) ai * all v e declared sibling classes in the
hierarchy are at the same level of g.an.'arity (see Figure 4, Figure 5 and
Figure 6). Also highlight that & ...~ ~al property sets the cardinality for
a single value (1:1), which establisi.. = a single and not multiple values for
these properties. For examr'~ a Movie has a single title, not a list of titles,
and an Asset has a single //wner, . ot multiple owners.

Three different types ot .. tive relationships were considered to improve
the expressivity of the "JM/. ontlogy schema, all of them with their respec-
tive cardinality: hier.. ~b'cal - 2lationships between assets (rdf:subClassOf);
relationships betwr en ass.™ and classes used as nomenclatures (e.g. and
dc:language, scher 1:u),""iation and others); and relationships for represent-
ing particular ex*~nsions of the assets necessary in a multimedia platform
like SAM (see sect on 4.3). Furthermore, this ontology schema was tested
applying the sta. tard W3C validator,?® obtaining a successful result.

4.5.2. Quue tit rive Jalidation

Som~ met1. - proposed in [36] [37] [38] [39] were selected and divided
into tv o grou 7s to determine the physical characteristics of the structure
and the ‘vpe c. content described in the ontology schema. The first group of

5 “ttps: /www.w3.org/RDF/Validator, last access March 2019.
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metrics, shown in Table 4, refers to descriptive metrics, whereas - . second
group, in Table 5, provides average metrics.

In Table 4, (1) refers to the sum of class axioms (Suf _.. ssOf counts)
and (2) refers to the sum of object properties (Transitive, " iver e, r.nctional,
SubPropertyOf, Symmetric, etc.).

Table 4: Protégé and manually calculated m ‘trics

Metric Kes 1t
Protégé )
Axiom 1022
Logical Axiom Count 578
Class Count 25
Object Property Count 49
Data Property Count 93
Annotation Terms Count 311
Equivalent Class 0
Sub-Object Property 86
Functional Object .. »ne1.y 18
Equivalent Obiect P1 yperty 0
Symmetric Obje.* Property 1
Sub-Data Property 124
Functions . va.~ Property 51
Equival. »t Data Property 5

~ Marally calculated
Taxc 101 ic Rolationships N. (1) 32

Ot’:er .. -7 axonomic rel. (2) 49
P ~t Classes N. 3
intern. diary Classes N. 4
L af Classes N. 28
F quivalent Relationships N. 4
n.1sed Classes 13
R~used Object Properties 24
".eused Data Properties 40

Thy results in this table show that the ontology schema presents a no-
tabl~ jua..’’ly of axioms which are distributed into different categories, i.e.,
clé sses, p operties, restrictions, etc. Based on the counts presented in the
Res ‘It col imn, different formulas were evaluated with the aim of quantita-
“wely validating the DMA ontology schema.
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The results of these formulas are presented in Table 5. In v ~ ;ormula
labelled as (3), s represents the number of direct subclasses 0. ~ conept i,
while c is the total number of concepts; in (4), r describes thr « al nu.aber of
taxonomic relationships of a concept i; in (5), r_noT reprs sent, thc number
of non-taxonomic relationships of a concept i; in (6), reusea_. ~1(i) describes
the number of reused terms (e.g. DCMI) of a concept ;in (7° reused_prop(i)
represents the number of reused attributes of a co1 ~ept i; in (8), path(i)
describes the deepest path from a concept i to 1-.f nod., in (9), n_att(i)
represents the number of data properties/attribut s of . cc 1ceptiand n_rel(i)
the number of object properties of that concep*: in (10) sc(i) describes the
number of subclasses of a concept ; finally, in (11, *ax_rel(i) represents the
number of taxonomic relationships of a conc. »t i anc sem_rel(i) the number
of non-taxonomic (semantic) relationships.

Table 5: Formulas for metrics. Column Result . ows the average and the interval with
minimum and maximum values

Metric ~ ormula Result
Subclasses (Avg.subclasses.n) Z’C:i—w ,(3) 0.91 [0,13]
Taxonomic rel. by class (Avg.rel.n) L’% 9 ,(4) 0.91 [0,13]
Non-taxonomic rel. by class (Avg.ne ~ il M ,(5) 1.22[0,35]
Semantic reused rel. by class (Avg.reuse 1. M , (6) 0.74[0,8]
Reused attributes by class (Avg =~1se prop) M ,(7) 1.48[0,9]
Avg. depth of inheritance by lass (Av, depth) M , (8) 0.18[0,2]
Property density (Prop.densi, M ,(9) 3.77 [0,45]
Inheritance density (Inh .ensity) M , (10) 1.17[0,14]

Y.i_q tax_rel(i)+sem_rel(i
c

Relationship density (" ~l.de sity) ) ,(11)  2.141[0,21]

The average n .*vics presented in Table 5 lead to several conclusions.
This ontology scnema ..1s an appropriate and balanced weight in both
vertical and hc .1z 1tal axis of the inheritance tree. However, taking into
account the va'1e 1.17 in the inheritance density parameter, this ontology
schema can ve clas. “led as domain specific, as suggested in [36], compared
to more ge 1eri . on* slogies such as SWETO [36] (with an inheritance density
of 4.00) or '1:.” [ 0] (with 5.36). Ontologies with low inheritance density
has a r .evale ~ce of the vertical axis, which may reflect a more specific type
of kno 7ledge :epresentation, whereas in ontologies with high inheritance
der 'y ti worizontal axis dominates, representing more general knowl-
ec ze [36). The relative low density (0.91 average subclasses by concept)
illu. *rates the restrictions mentioned in Figure 7: functional properties with
< ~dinality 1x1; symmetric relationships; and annotations inside relation-
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ships. These limitations also explain the cohesion achieved (U.2? average
depth of inheritance), which is very close to an average level |o.736]. ZJow-
ever, the main advantage of this ontology schema lies in the _v. 1pleicness of
relations and declared properties. In this respect, non-te <onr mic relation-
ship density (1.22 on average by concept) shows its potentia. . ~r addressing
semantic inferences (2.14 relationship density) [39], as well < = for reusing it
for future ontology alignments (average of relationsh. »s reus :d by concept
0.74 and reused attributes 1.48) [34][37]. Finally, t"._ kno...edge density is
solid, as the ontology schema is extensive and de :ail~ u (. .77 property den-
sity). This makes population with either low o~ hign de- sity data easier, in
a manual or automatic way [34][37].

4.5.3. Validation of Competence Questions

A set of 28 competence questions was desic. »d by the stakeholder ex-
perts mentioned in Table 1. The aim of v ~se questions was to determine
whether an ontology repository, bas-? on the DMA schema, could pro-
vide a correct response to these questic 1s validating the correctness of the
ontology in its context of use.

These competence questions haa 1. rent degrees of difficulty, ranging
from simple questions (e.g.”W. (i ' 1s starring Mads Mikkelsen are in
English?”) to more complex quest.. ns (e.g. “Which films feature collab-
orations between director M-~+tin Campbell and actor Daniel Craig?” or
“Which authors have wri’.en bou ks based on James Bond series?”). These
competency questions we.. des gned to take into account two types of
users that could benef’. frcm thus ontology schema and the corresponding
repositories: book trau. m nag r; and sales director at an entertainment com-
pany. These two ty ses ot ..~ :rs belong to one of the companies mentioned
in Table 1: Bibliog -ap”"ic Data Services Limited (BDS).3® This company pro-
vides data on bo~ks ana home entertainment releases, web development
and maintenar ce s :rvices, and web-based applications on media to retail-
ers, e-tailers. pu’ 1shers, libraries, charities and government bodies. BDS
offers infor aati»n to companies about books, audiobooks, music, films and
video gan.>s, agg egating and extending this data with images, sounds,
video cl’; 3, scic ~ashots, descriptions, content pages and artist biographies.
The D /1A on.»logy schema provides to BDS with a standardised schema
that rep “esen’; their data and allows enrichment with social information,
ser .antic relationships among assets, asset syndication in second screen

36https://www.bdslive.com
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platforms and, finally, integration with third party datasets.

Considering the focus of the SAM project, the purpose 0. *he cempe-
tency questions was two-fold: (i) to translate these questir.is vroa..ced by
stakeholders in natural language into SPARQL to query he r ato.ogy; and
(ii) to assess whether ontology repositories based on the DM . ~chema could
provide a correct answer to those questions.

Table 6 shows two examples from the set of 28 c«c mpeter cy questions,
including the user type, the SPARQL equivalent, ~..d ti.c vutput obtained
after querying the ontology repositories. In ad litir.,, ‘he full document
containing the competency questions is provid~d.-

"https://github.com/knowledge-learning/Diita. Mer .a-Asset.
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Table 6: Example of two competence questions for validating the ontology, ." = t anslation
to SPARQL and the results obtained

Query

Which Martin Campbell films are based on books?

User type

Director of Sales of an entertainment company

SPARQL

PREFIX rdf:<http://www.w3.org/1999/@2/2Z—rdf—syntqui)#>
PREFIX owl:<http://www.w3.0rg/2002/07/owl#>

PREFIX rdfs:<http://www.w3.0org/2000/01/rdf-sc iema#>
PREFIX xsd:<http://www.w3.org/2001/XMLSchema: >

PREFIX schema:<https://schema.org/>

PREFIX rdvocab:<http://rdvocab.info/Eleme ..Gr2,/-

PREFIX dbo:<http://dbpedia.org/ontology, >

PREFIX dbp:<http://dbpedia.org/property,

PREFIX dc:<http://purl.org/dc/element ‘1.1/>

PREFIX purl:<http://purl.org/ontology/po,

PREFIX dmalInst:<https://w3id.org/media/dma/. mesBond CaseStudy#>
PREFIX dma:<https://w3id.org/media/u. ~#>

SELECT Distinct ?film

WHERE { ?person schema:title - ____......<.

?film ?contributor ?person.

?film rdf:type schema:Movie.

?film dbo:basedOn ?book.

?book rdf:type schema:Book

FILTER regex(str(?persc Title) ’Martin Campbell’)}

Result

dmaInst:Casino_Royale

Query

Which authors have written boc s in the James Bond series?

User type

Book Trade Manager

SPARQL

PREFIX rdf:<http://www.w. 2rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl:<http://www.w3.0rg/2002/07/owl#>

PREFIX rdfs:<h’ .p.,, ~ww.w3.0rg/2000/01/rdf-schema#>
PREFIX xsd:<b tp://wwv w3.org/2001/XMLSchema#>

PREFIX schema. “ttps:, 'schema.org/>

PREFIX rdv’ ;ab:<h. »',/rdvocab.info/ElementsGr2/>

PREFIX db :<ht p://dopedia.org/ontology/>

PREFIX (¢ =:<} .tp:/ dbpedia.org/property/>

PREFIX dc:<. *p: purl.org/dc/elements/1.1/>

PREFI" purl:<hu.p://purl.org/ontology/po/>

PREF X . aInst:<https://w3id.org/media/dma/JamesBond CaseStudy#>
PREFIX dma. “ttps://w3id.org/media/dma#>

ELEC Distinct ?author

.. %R . { { ?book rdf:type schema:Book.

?boo. nurl:series ?seriesTitle.

? 00k schema:author ?author.

.authl ,r rdf:type schema:Person.

?au’ 1or rdvocab:professionOrOccupation dmaInst:WRITER.
F.. [ER regex(str(?seriesTitle), ’James Bond’)}
"INION {?book rdf:type schema:Book.

'book purl:series ?seriesTitle.

?book schema:contributor ?author.

?author rdf:type schema:Person.

?7autoG owl:annotatedSource ?book.

?autoG owl:annotatedTarget ?7author.

?autoG owl:annotatedProperty schema:contributor.
?7autoG dbo:role dmaInst:WRITER.

FILTER regex(str(?seriesTitle), ’James Bond’)}}

Result

dmaInst:Ian Fleming
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The validation of the competency questions was carried . * n three
stages. In the first one, stakeholders formulated competency . 1estions in
natural language and, since they were not SPARQL exp 1., the.e were
transformed into SPARQL language with the assistanc - of .he ontology
experts. Stakeholders knew the DMA ontology schema be.. ehand, since
they contributed actively in its design. Hence, it v/as nc* necessary to
instruct them on the classes and properties within the or .ology before
formulating their questions. The transformation fr-... na...al language into
SPARQL took about two minutes and a half, on ave ag. . per competency
question. The translated questions were initi~lly verif.ed on an internal
repository of the SAM Project. Such repository wa. nopulated with 46,228
assets, property of BDS. In the second stage, . seconc repository®®, focused
on the James Bond series, was manually dev 'oped vy processing a sample
of digital documents obtained from DBpedia "1. 's repository can be freely
queried online by using any query tool (c.> Protégé) and the competency
questions formulated in Table 6 or ar - ~+her query freely generated by the
users.

Considering the DMA schema -.~d t. » ontology repository, the verifi-
cation process of the competence qu =s..>ns obtained 100% accuracy (i.e.,
28 out of 28 correct answers). . ..o~ s that the approach followed was
reliable enough for extracting persc. alised information depending on the
real users’ needs in a real er*-~tainment environment.

Besides that, there wa , consi: ‘ency in the DMA ontology instances re-
garding the needs of the J'#ferr at SAM components. The construction
process of the SAM fre nev ork guided the development of the DMA ontol-
ogy schema to ensure . ~r .pli¢ 1ce with component interoperability require-
ments. This proces- gradu.." .y gave origin to different DMA properties: the
Extensions (see Fir urc ~).

For example *he Syndicator component makes use of the syndication
extensions to i «ent iy which visual widget can represent specific assets and
the visual themc ' » use. This kind of information is represented in the asset
as shown b :lov .

Listing 2: Exa. »le c. a syndication extension in JSON-LD format. JSON attributes are
highlight « .n bola.

"dma:Syndi« ationExtension": [ {
"Qu.o"aeme": {
"@id": "dmaIns:THEME1",

“r o, 3://w3id.org/media/dma/JamesBond_CaseStudy, last access March 2019
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"@type": ["dma:Theme", "dma:Nomenclatui "]
1,
"dma:widget": {

"@id": "dmaIns:WIDGET1",

"@type": ["dma:Widget", "dma:Nomenc..*ure'"]
} 1]

This metadata refers to the use of a theme dmaln. "F'2MEI and the
widget dmalns:WIDGET1 when a specific asset is pre-_..“ed visually in the
SAM platform. Notice that the respective code .. thes: elements resides
in any internal repository or code library of the ~lauorm. The ontology
schema represents the interoperability of th~ compo ents” metadata. This
reflects that 100% of the information requi. ~d b, *»’s multimedia platform
could be represented.

5. Technical Setup

An API service was developec 2s pa -t of the Semantic Services compo-
nent to provide a consistent backen.' s. “vice to manage different semantic
repositories based on the DM2 :~#al¢ vy schema. The Semantic Services is
a standalone component providing “"RUD operations that can be deployed
in different frameworks as long as the DMA ontology schema is accessible
and there is a semantic ser ver st. “ing instances (see Figure 10).

DM# .chema
owl) .
.‘ Se_lsgrr}e
* I (RDF41)
.. S

; ., q Sesgme
internet ., 1 5 (RDF4l)
N

SemanticServices Oun |
(CRUD operations) [— |~
|

—_— y

1 U L .

—

e

Figure 10: Interoperability of the CRUD services
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The aim of the CRUD operations is to provide semantic < '+ ioration
and management for both assets and nomenclatures. In addit.. n. a scrvice
was added for collecting assets related to another asset Ly using object
properties as a query. There are some aspects to bear in nin‘. wi.en using
these services:

1. Assets identifiers (@id) are automatically gener ted, av iding identi-
fier conflicts and allowing unique URIs.

2. An eTAG hash® (_etag_) is included in ev' ry s ... ntic data transfer
object (a JSON-LD in this case) to avoid mouifica’.ons in parallel of
the same asset. The eTag hash allows recogu..~ing third-party systems
requests when managing a specific asc ~t.

3. Every service requires a security toke. as a  .rameter, which is used
to recognise third-party systems that are ~llowed to consume and
manage the services.

Each CRUD operationincludes a k.’S1 u..aterface and a documentation
demo page developed with Swage=r* (. 2e Figure 11). These RESTful ser-
vices use JSON-LD objects as seman ic Z~outs and outputs. The parameters
required are those that specify - “+ibui »s to deal with semantic repositories
(context, repository name, reposi. *v URL, and security token), together
with the body parameter that deals with the asset JSON-LD instance. The
returned messages provid- mfo. mation about possible responses when the
services run. Appendix r. ~hows a complete example of a DMA ontology
instance serialised usir ; JSON ".D.

It is important to mp iasic e that CRUD operations use RDF4] services
to guarantee the pr rsisic~c/ of assets and nomenclatures in a semantic
repository. RDF4J ( “ers an easy-to-use API service that can be connected
to RDF4] database serve 3. The functionalities provided include creating,
parsing, storin ,, r¢ 1soning and querying with RDF and linked data. The
RDF4] dashbc. »d can be used to exploit the DMA ontology databases,
allowing se nantic .. ference to be freely applied.

The R id ¢ perz lion service also provides the flexibility of using Con-
struct SPARL, " a .eries.*! The result of these queries is a single RDF graph
formec by tal ing each query solution in the solution sequence, substituting
the vai ‘ables i 1 the graph template and combining the triplets into a single

- https:, ‘en.wikipedia.org/wiki/HTTP_ETag.
Oh. . .//swagger.io/.
. v=s://www.w3.org/TR/rdf-sparql-query/#construct.
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lassetdiscovery/read ¢ ssets

Implementation Notes
To define new filters or output attributes, please check the asset structure.

Input example:

"q:ﬁry:‘ “gonstruct {dma:00017898-a11f-4b5d-859d-8fa51882d348 ?y 2. %z 7a 7b. ?b 7c ?d} where {d~ ""717808-a.. ‘h5d-859d-8f:
“offset": @,
"limit": 1

Paramelers
Parameter Value Description Par Tvpe
body bod, Model Schema

"query": "string”,
"offset": o,
"limit": @
Parameter content type: | applicationfjson ¥ 1

Ontological context: e.g. https://w3id.org/media/dma/lamesBond_« ~Study# Click to set as parameter value
Context v

Context query string
Name of the DB: e.g. JamesBond_CaseStudy
Repository Repository Name query string
Name
Repository Repository query siring
url

Any URL where the repository (Semo. - “=rver, i. RDF4J)is allocated

Figure 1" P~ad s  vvice example

RDF graph. To apply thesr ., ~rations, it is necessary to follow the DMA
ontology schema describr J in pr¢ vious sections.

Other types of CRUI opc. ~ti'ns are required in the framework defined,
such as those regardin-, ass .t nomenclatures. Anexample of anomenclature
instance in JSON-LD 1. ~'.ow" . below.

Listing 3: Example of - « ~omenclature in JSON-LD format. JSON attributes are highlighted
in bold.

{ "@context : ’ "schema":"https://schema.org/",
"dmaIns": https://w3id.org/media/dma/
J-mesBo..1_CaseStudy#"
1,
"@id":"u. 27 ns:SPAIN",
"@type": ""schema:Country"] }

P~ga, " ¢ the maintainability and sustainability plans, the resources
ge reratec through this work are part of the main semantic framework
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of ongoing and future research projects under the GPLSI*? (1. “ ;mation
Systems and Language Processing Group) of the University ~f An_ante.
Hence, the DMA's sustainability and maintenance is guarz ... 2d. r.ans are
in place to ensure the support and extension of the reso’ rces described in
this work to enhance knowledge discovery and representatic. *echnologies.
To guarantee permanent access to the resources, th . DM." repository is
located at GitHub*? and uses the services of perman nt ider tifiers for the
Web provided by https://w3id.org.

6. Assets Enrichment and Linking: New Opp. “tun’** _s

Besides adding value to existing products, *he tect nological evolution of
Artificial Intelligence (which involves knov.'edg. .epresentation), is mak-
ing it easier for people to get access to, and take 2. " -antage of, different kinds
of knowledge about everyday tasks [41]. Jigital technologies have signifi-
cantly increased the opportunities for ~~th the entertainment industry and
end users. For example, many consur er, have already transformed their
day-to-day cultural experiences th _-1gh . ncial media. It is now easier than
ever to discover new content and cui 1. outlets. This may be as simple as
searching for a film, book, game - ..~ ;recommended online. While these
changes are still in their early stages, ‘n many aspects the culture industries
have been at the forefront ~* *vhat is today commonly known as “digital
transformation”. This trar sforme “ion refers to various interdependent pro-
cesses across the digital meJ#2 as et lifecycle: from importing and aligning
media content into a - omaon repository and its semantic annotation, to
the creation of asset cc ~r osit’ uns and their social awareness syndication to
end users. All of th.s can . - possible thanks to the consideration of all the
features presenter_ i1. - rich ecosystem such as the one showed in Figure 1.

Content in th*= ecosystem includes the following features: (i) seman-
tically and sor.ally enabled; (ii) dynamic; and (iii) an efficient schema for
the description .. d representation of media assets. To this end, the DMA
schema is :xtedab.e and compliant with popular and widely adopted
approache. a ailemle nowadays. Moreover, it simplifies the digital asset
importi~ _ proc. - 3, since standard annotations were reused, allowing links
to enti ies such as Europeana and ontologies from Schema.org, DBpedia,
etc. Da ~ fror ( partners or external information resources with references

4 +tps: /gplsi.dlsi.ua.es
Shttps://github.com/knowledge-learning/Digital-Media-Asset.
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to entertainment entities could be connected to other initiativ < and in-
stitutions by means of unique identifiers (i.e. URIs), adding . ~d s..aring
enriched content.

Within the Monitoring and Evaluation (M&E) ecosy eem *, 1.ew tech-
nologies have exposed the difficulties caused by the currei. noor state of
content metadata collection, curation and standardis .tion. Through these
kinds of technologies, the requirement of Small anc Medit m Enterprise
(SME) content providers is met, which will be able *_ linn .o their metadata
on demand rather than using complex and exper sive aa. 1 feeds. This will,
in turn, maximise sales revenues by providing ricn cor ,umer experiences
that are intelligent and engaging.

Entertainment companies reveal, throug. Hurop an projects and other
collaboration opportunities, their focus on .nhai...ng metadata to engage
the consumers by linking products from differer. categories and by adding
rich content to films, music, games and v ~ks, such as artist biographies,
trivia and quizzes. Through the DM * ~ntoloyy, this enhancement will be
extended to be semantically linked acro. s ' ae M&E ecosystem. For example,
assets for a topic such as James Bonw. .~ula e characterised and semantically
linked to create a data cluster as sho. n ..» Figure 12.

6.1. Use Case

Digital media asset enr’ . ~ent and linking should guarantee the fol-
lowing features:

e Dynamically disc ove-able rich assets: achieved by navigating through
sematic links (s a'. ser .antic relationships of Figure 7 and examples
in Figure 13).

e Introduction of suc'al data ratings and reviews, and links to events
and/or trr nd: including social data as shown by the object property
dma:socin.r finExtension in Figure 7.

e Link' to other relevant data sources, for example Wikipedia and
Getty T 1agr s (see in Figure 7 the properties dma:relatedDbpedia and
srwma:imuyge respectively).

e D.~visic a1 of high value contextual data through semantic enrichment.

4 +tp:/ web.undp.org/evaluation/documents/handbook/me-handbook.pdf last ac-
~ass Marcn 2019
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Figure 12: Digital content li1."ing: James Bond case study

In the SAM platform, an anproach was created to entity linking on two
different knowledge Base<. Firs,, the system identifies and links mentions
in text to related Wikipeai.. nage . Secondly, it also identifies references to
instances contained in its rwn _nedia assets knowledge base (e.g. books,
songs, films, actors, ‘tc.'. T .ese links are created automatically by the
Data Characterisatio . con., - .aent, which belongs to the Semantic Services
(see Figure 1). TF .. ~oroach, which is further described in [42] and [43],
selects possible candidais for each entity mention in text, disambiguating
them to both k 1ow edge bases.

Entity link.. > provides valuable benefits for end users, since they can
discoverne vinforn.ation about an asset, creating richer experiences around
the origin ! cr ater «. For instance, a user watching the film Casino Royale
in the SAM p.. *f)rm could receive information from different knowledge
bases ‘1anks o the semantic linking: information related to actors Daniel
Craig a~d Mo is Mikkelsen could be extracted from Wikipedia; and asset
ins’unces or a DMA ontology repository could be linked and provided,
suh as b oks created by lan Fleming. In addition, social media related
sou. ~»< ~vuld be offered, such as the official Facebook page of the Casino
nw,, '~ film and its actors. The previously mentioned James Bond case study
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was developed based on public information provided by Dbp.~.a. This
case study can be downloaded and queried by using SPARQ. One f the
goals of building this example repository is to demonstrats wu.> potcatial of
the DMA semantic representation for digital data enrich- 1en?

Figure 13 illustrates how different DMA ontology insta. ~es can be re-
lated, based on semantic relationships (generic and s secific ). The generic
relationships, related Asset and relatedDBpedia, establist. links b .tween assets,
but do not include a specific role of the asset in the - _*atio... dowever, more
enriched assets could be created supported by r 1ore ue. criptive (specific)
semantic relationships. This figure shows how the relate . Asset relationship
can be refined using other relationships. Due to spa. ~ limitations, this figure
only defines contributor (which includes the ., ~'e annc tation), owner, sameAs
and track, but the whole set of semantic rela.”~nsi...s can be explored in the
James Bond case study example repositorv Th. figure shows how every
asset is conceptualised (e.g. BDS is an Ory ~isation and Casino Royale novel
is a Book) and semantically linked to ~*hers. vLased on this, entertainment
companies could identify how to em -} media content and incorporate
standard data transfer objects sucl . = J[SCN-LD or RDF/XML.

Dbpedia

You_Know_My_Name

I
1
3 Casoeoe.0 !
Py dsory <
[—- # o rianas_sora e nenon ]
James_Bond fam & ACTION
=
ey ]
“[E
¢ Marth_Campbolt

relatedDBpedia
—_—

Famm.

Figure 13: Real scenario simulation

7. C~nci..~ _as and Future Work

This re search described the DMA ontology schema, designed and devel-
opew "~ _ed on a real scenario. This schema provides features that facilitate
‘ne .._:s’ engagement with TV programs, films, music and video games,
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making the information discovery experience more interesting, . ~.venient
and personalised.

The construction of this schema has been documente . «.\d evuluated
following a formal methodology supported by quantitati ‘e a’ d qualitative
metrics. The results of this work (the ontology schema a..¥ an example
repository) are freely accessible online. A set of prop .rly te ted and docu-
mented RESTful services was also developed to manc e repc sitories based
on the DMA ontology schema.

The DMA schema and its services have been « xter ue\' to other research
domains beyond the SAM platform. Two othe~ orojects nave actively sup-
ported the further development of this research. 11.. ~e projects are REDES*
(TIN2015-65136-C2-2-R) and GRE16-01.% RL.MES is ¢ Spanish Government
funded project focused on identifying ana .harac.crising digital assets by
monitoring web content using natural ]aﬂcrnm'» processing technologies.
GRE16-01 is a project funded by the Unu. ~rsity of Alicante, addressing a
framework for text mining to autom- **~~1lv generate semantic knowledge
repositories. Both projects are aligneu tc the DMA ontology schema and
use the technologies presented in . .~ pa; =r.

In the future, the plan is to exter.1 t..> DMA ontology schema to other
scenarios to improve the repres. ...~ 1ess of diverse digital products that
could be semantically related to the .~irrent DMA schema classes. In addi-
tion, there is a plan to proce~~ ~ massive amounts of digital assets retrieved
from available database s surces, such as DBpedia and Europeana, enrich-
ing the instances with the nc '~ att ibutes incorporated in the DMA ontology
schema.
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